EXPANDABLE SHEATH TUBING 



Cross-reference to Related Application 

This application claims priority to provisional application no. 60/421,436, filed 
October 25, 2002, which is incorporated herein by reference. 
5 Background of the Invention 

In many minimally invasive cardiac procedures, an introducer sheath may be 
placed in a vessel to gain access to a surgical site. Sheaths are used as conduits to pass 
surgical instruments or implantable devices through them. It is generally desirable to 
minimize the outer diameter of the sheath and maximize the inner diameter of the sheath. 
10 A small outer diameter is desired to minimally disrupt the circulatory pathway and is 
sometimes based on the anatomical size of the vessel it is designed to access. The inner 
diameter is designed as necessary for the surgical instrument or implant device to pass 
through it. An example of a catheter shown with a "daisy occluder" folded down for 
delivery within the catheter is shown in U.S. Patent No. 5,741,297.] 

15 Summary of the Invention 

A sheath can be formed in two or more layers with an inner layer made of a 
higher durometer (more rigid), less elastic material and an outer layer made of a lower 
durometer (softer), more elastic material. The inner layer can have one or a combination 
of the following: one or more longitudinal slits, overlapping circumferential portions, 
20 monolithic hinges, or other formations to allow for radial expansion. These formations 
can be present along a portion or the entire length of the sheath. Other materials can be 
added to the sheath, such as wires for strength, or the device can be made to have a 
minimal number of parts and portions. 

The sheath can be an introducer sheath through which a guide wire and catheter 
25 are inserted, or the sheath can be a catheter or any other tubing inserted into a living body 
and through which other devices pass, such as stents, filters, occluders, or other devices. 
The sheath can be made by coextruding the layers, or with a dipping process. 

In another embodiment, two materials can be used such that the materials 
alternate in a circumferential direction between more rigid, less elastic sections and 
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softer, more elastic sections. In this case, the two materials can have the same wall 
thicknesses throughout the length of the sheath. 

A radially expandable sheath allows a device to pass through a smaller diameter 
sheath than the device would otherwise be able, and thereby in a less invasive fashion. 
5 The sheath can be made smaller than the diameter of the device (at its maximum cross- 
section), so that the sheath expands slightly as the device passes through. With a brief 
radial expansion of the sheath, the trauma to the vessel through which it passes should be 
minimal. An expandable sheath can also be useful in retrieving a device from a body if 
the device, as folded for retrieval, has a larger diameter than it had when it was 
10 introduced into the body. Other features and advantages will become apparent from the 
drawings and detailed description. 

Brief Description of the Drawings 
Figs. 1-6 are cross-sectional views of a conduit according to various embodiments 
of the present invention. 
15 Fig. 7 has a series of partial cross-sectional, partial side views of a catheter with 

an occluder for delivery and for retrieval. 

Detailed Description 

In the embodiments of Figs. 1-5, a relatively soft (lower durometer), more elastic 
outer material and a relatively rigid (higher durometer), less elastic inner material are 

20 coaxial, and preferably extruded, to form a tubular sheath that can expand radially, 
preferably for brief periods while a device is passed through, while not allowing 
significant longitudinal expansion. This capability allows a smaller diameter sheath to be 
used to deliver a device with a larger diameter, or allows a retrievable device to be 
withdrawn more easily if the device, in its retrieved state, has a larger diameter than in its 

25 delivered state, in each case while minimizing vessel occlusion. It is desirable for the 
vessel not to be enlarged, or if it does have to be enlarged, for it to happen for a minimal 
amount of time to allow the vessel to recover. The coextrusion of similar materials of 
differing durometer allows the inner layer and outer layer to bond thermally without 
significant delamination. Dissimilar materials could form a thermal bond or could be 

30 bonded through an intermediate layer. The more rigid material that makes up the inner 
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layer can have one or more lengthwise slits filled in whole or in part with the softer 
material from the outer layer. The outer layer is entirely made of the softer material. 

The layers should each be made of extrudable materials, such as polyether-block 
co-polyamide polymers, such as resins sold under the Pebax® name. Other combinations 
5 of materials for coextrusion can be used, such as a high density polyethylene for the rigid 
material, and a styrene-ethylene-butadiene block copolymer for the soft segment (such as 
C-Flex® or Kraton®). Other useful materials include silicone, polytetrafluoroethylene 
(PTFE), perfluoro (ethylene-propylene) copolymer (FEP), or urethane. It is generally 
desirable for the selected materials to melt together during the coextrusion process to 

10 prevent delamination. While many materials can be used, exemplary ranges for 
durometer on a Rockwell scale are 20-70 on the A scale for the outer material, and 60-80 
on the D scale for the inner material. These ranges are only examples, and materials with 
other durometers could be used; for example, the material referred to as C-Flex is 
commercially offered in custom form with a durometer of 5-95 A. 

15 Referring to Fig. 1, a sheath 10 has an inner layer 12 made of a relatively rigid 

material and an outer layer 14 made of a relatively soft material. Inner layer 12 has a 
longitudinal slit 16. During the coextrusion process, the softer material used to make 
outer layer 14 fills some or all of the gap created by slit 16. The slit provides some added 
flexibility for the inner layer. The device can be formed with one or more longitudinal 

20 slits that can extend for some or all of the length of the sheath. 

In one embodiment, an inner layer is made of extruded Pebax 7233 with inner 
diameter 0.150" (3.8 mm) and outer diameter 0.166" (4.2 mm). The wall has a 0.023" 
(0.58 mm) wide lengthwise channel and it is overcoated with a softer extruded Pebax 
2533 with outer diameter 0.174" (4.4 mm). 

25 Referring to Fig. 2, a sheath 20 has an inner layer 22 and an outer layer 24. As 

with the sheath of Fig. 1 and the others described herein, the inner layer is made of a 
more rigid, higher durometer, less elastic material, while the outer layer is made of a 
softer, lower durometer, more elastic material. As shown here, inner layer 22 has an 
overlapping region 26 that provides some flexibility for inner layer 22 to expand. The 

30 softer outer layer 24 provides elasticity to allow some radial expansion. In other words, 
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the inner layer is made of a less elastic material but has a formation to assist in its ability 
to expand radially, while the outer layer is made of a more elastic material. 

Referring to Fig. 3, sheath 30 has an inner layer 32, an outer layer 34, and a hinge 
36. Hinge 36 is integral, and preferably monolithic, with respect to inner layer 32, and 
5 has symmetric curved portions that allow layer 32 to expand and allow hinge 36 to pivot 
about a pivot point 38 to expand the diameter. 

Referring to Fig. 4, a sheath 40 has an inner layer 42, an outer layer 44, and four 
integral, and preferably monolithic, hinges 46A-46D, each of which can allow inner layer 
42 to expand radially. While four of these hinges are shown in Fig. 4, there could be two 
10 or more, and they could be evenly spaced about the circumference of inner layer 42 or 
spaced at irregular intervals as desired. 

Referring to Fig. 5, an outer layer 54 surrounds an inner layer 52 which has 
reduced thickness portions 56 and greater thickness portions 58 spaced about the inner 
circumference of inner layer 52, thereby allowing layer 52 to expand. Four such greater 
15 thickness portions are shown, but there could be more or fewer. 

In these embodiments described above, the inner layer typically has some 
geometric construction or formation, such as the use of a slit, overlapping portion, 
varying thickness, hinge, or other structure that gives the stiffer and less elastic inner 
layer more ability to expand radially than it otherwise would have. The outer layer is 
20 made of a softer and more elastic material, and therefore does not have as much need to 
have such geometric formations that assist in the expansion, although the outer layer 
could have some other formation and not necessarily be substantially just cylindrical as 
shown. 

The sheaths described here are particularly useful for providing a conduit for 
25 other devices, such as stents, occluders, or guide wires, to be inserted into a human or 

non-human animal body. As is generally known, it is desirable for such a sheath to have 

as small a diameter as possible to minimize trauma to the vessel into which it is inserted. 

In the event some expansion to the vessel is required, it is desirable for it to be radial and 

short-term only to allow the vessel to recover its original shape. 
30 A sheath as described herein can be used with a device that is small enough to fit 

through the sheath without expanding the sheath, but which, if it is necessary to be 
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retrieved, has a larger diameter (at least in some parts) on retrieval. Referring to Fig. 7, 
for example, a device, such as a patent foramen ovale (PFO) closure device or an 
occluder can have two connected hubs, each with radial spokes for supporting a fabric. 
This device has an appearance of two umbrellas, each concave and facing the other. For 
5 delivery, each of the "umbrellas" may be folded down separately within the catheter. 
These sides open up on distal and proximal deployment on opposite sides of a PFO or 
occlusion. If retrieved, the closure device may be folded in a configuration different from 
that in which it was delivered, e.g., such that the arms are bent back and the umbrellas 
overlap. Consequently, the cross-sectional diameter of the retrieved device passing 

10 through the conduit would be greater than the delivered device at some points. With the 
conduit of the present invention, the device could be delivered through the conduit 
without any expansion, but if retrieval is necessary during the procedure, the conduit can 
allow some temporary expansion for the device to pass through during retrieval. The 
conduit could also expand for both delivery and retrieval. 

15 Many different diameters and thicknesses can be used to get the desired 

specifications for a particular application. Additional configurations of this embodiment 
may include longitudinal support structures such as wires that can be extruded as part of 
the inner and/or outer layers over all or part of the length of the layer. Wires can improve 
kink resistance while still enabling radial expansion of the tube. 

20 A coating could be added to the inside and/or outside of the layers, such as a 

hydrophilic coating on the outer surface of the outer layer to assist with passage through 
the body if the outer layer is tacky. The lubricity provided by the coating can reduce the 
resistance to the device being pushed through the sheath. 

While additional materials, such as longitudinal support wires, can be added, the 

25 sheath can be limited primarily to inner and outer layers, preferably coextruded, for use 
of fewer parts and steps and for ease of manufacture. 

Another embodiment is shown in Fig. 6. As shown here, a sheath 60 has 
relatively rigid and less elastic sections 62 and 64, and relatively soft and more elastic 
sections 66 and 68, which essentially form stripes of soft material. In this case, the wall 

30 thickness can be substantially uniform, but with different materials in a circumferential 
direction. While two sectors each of rigid and soft are shown, more sectors could be 
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provided, including one or more with still different durometer from the other two sectors. 
Like the embodiments of Figs. 1-5, the conduit in this embodiment could temporarily 
expand as a device is passed through when delivered and/or retrieved. 

The present invention thus includes designs for an expandable sheath, such as an 
5 introducer sheath or a catheter, that is inserted into a body, such as a human body; 
methods for making an expandable sheath, including coextrusion and dipping, to provide 
a sheath with radial flexibility; uses of such sheaths, such as for insertion into a body, 
such as a human body, to assist in delivering and/or retrieving a device, such as a stent, 
blood clot filter, or occluder, with at least a portion having a diameter greater than the 
10 inner diameter of the sheath when both are outside the body; and combinations of sheaths 
and devices as indicated above, including the combination of a sheath with a first inner 
diameter, and a device for passage through the sheath with at least a portion having a 
second diameter greater than the first diameter. 

Accordingly, the present invention has been described with respect to exemplary 
15 embodiments of the present invention. It should be appreciated, though, that the present 
invention is defined by the following claims. Modifications or changes may be made to 
the exemplary embodiments of the present invention without departing from the 
inventive concepts contained herein or the scope of the claims. 

What is claimed: 

20 
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